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(57) ABSTRACT

Electric vehicle charging methods, battery charging methods,
clectric vehicle charging systems, energy device control
apparatuses, and electric vehicles are described. In one
arrangement, an electric vehicle charging method includes
receiving information regarding charging of an electric
vehicle with energy from an electric power grid, determining,
an amount of energy stored by an energy storage device
coupled to the electric power grid, and controlling a transfer
of the energy stored by the energy storage device to the
clectric power grid using the information regarding the charg-
ing of the electric vehicle. Other arrangements are described.
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ELECTRIC VEHICLE CHARGING
METHODS, BATTERY CHARGING
METHODS, ELECTRIC VEHICLE
CHARGING SYSTEMS, ENERGY DEVICE
CONTROL APPARATUSES, AND ELECTRIC
VEHICLES

[0001] This application 1s a continuation 1n part of a U.S.
patent application titled “Energy Systems, Energy Devices,
Energy Utilization Methods, and Energy Transter Methods™

filed 30 Jun. 2008 having Ser. No. 12/165,405, herein incor-
porated by reference.

TECHNICAL FIELD

[0002] The present invention, in various embodiments,
relates to electric vehicle charging methods, battery charging,
methods, electric vehicle charging systems, energy device
control apparatuses, and electric vehicles.

BACKGROUND OF THE INVENTION

[0003] Devices exist that generate alternating current (AC)
power. Some of these devices are designed to generate AC
power when an AC power grid (e.g., an AC power grid oper-
ated by an electric utility company) 1s non-operational. For
example, diesel generators are commonly used to provide
emergency AC power to buildings that house computers and/
or telecommunications equipment. Small devices having a
battery and an inverter are also commonly used to provide AC
power to a computer 1n the event of a power grid failure. Such
devices are configured to provide AC power while the power
orid 15 non-operational.

[0004] Other devices are configured to transier AC power
derived from wind or solar energy to the power grid while the
power grid i1s operational. These devices commonly use
inverters to generate AC voltage independent of the power
orid and then feed the independently generated power syn-
chronously into the power grid.

[0005] As electric vehicles become more common, electric
power grids may need to increase their capacity in order to
accommodate charging of large numbers of electric vehicles.
Increasing capacity by building new power generating facili-
ties 1s costly and time consuming. Accordingly, methods of
increasing an electric power grid’s capacity without having to
build new power generating facilities may be advantageous.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Embodiments of the invention are described below
with reference to the following accompanying drawings.
[0007] FIG. 1 1s a block diagram of an energy system
according to one embodiment.

[0008] FIG. 2 1s an illustrative diagram of a network of
energy devices according to one embodiment.

[0009] FIG. 3 1s a block diagram of an energy device
according to one embodiment.

[0010] FIG. 3A 1s a block diagram of an energy device
according to one embodiment.

[0011] FIG. 3B 1s a block diagram of an energy device
according to one embodiment.

[0012] FIG. 3C 1s a block diagram of an energy device
according to one embodiment.

[0013] FIG. 4 1sablock diagram of a battery system and an
clectric power grid system according to one embodiment.
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[0014] FIG. 5 1s a block diagram of a controller according
to one embodiment.

[0015] FIG. 6 1s an 1llustrative representation of an electri-
cal vehicle coupled with a battery charging apparatus and an
clectric power grid system according to one embodiment.

DETAILED DESCRIPTION

[0016] According to some aspects of the disclosure, a
charging system may be used to charge a rechargeable battery
using energy from an electric power grid. The system may
also control a transfer of energy stored by an energy device
into the electric power grid. In some embodiments, the stored
energy that is transierred to the electric power grid may offset
the energy taken from the electric power grid to charge the
rechargeable battery. An account may be debited based on the
amount of energy used to charge the rechargeable battery and
may be credited based on the amount of energy transierred to
the electric power grid from the energy device. In some
embodiments, the rechargeable battery may be part of an
clectric vehicle.

[0017] The energy device that stores and transfers energy
may be embodied 1n anumber of different ways. According to
some aspects of the disclosure, the energy device may provide
power to a power grid while the power grid 1s operational. In
one embodiment, the energy device may include an induction
generator having a shaft and a stator. The induction generator
may be connected to the power grid so that the power gnid
supplies an excitation voltage and inductive current for the
induction generator. In one embodiment, the energy device
may also include a motor. The motor may use energy stored
by an energy storage device to rotate a rotor coupled to the
shaft of the induction generator at a rotational speed greater
than a synchronous speed of the induction generator in one
embodiment. Consequently, the induction generator may
generate AC power that 1s transferred to the power grid via
induced magnetic coupling between the rotor and the stator.

[0018] In some embodiments, the energy device may
replenish the energy stored in the energy storage device. In
some embodiments, the energy device may store energy in the
energy storage device and later use the stored energy to gen-
erate AC power and transter the generated AC power to the
power grid.

[0019] In some embodiments, the energy device may draw
power from the power grid during times when the power 1s
available at a first price and convert the power into energy
stored by the energy storage device. Later, the energy device
may convert the stored energy into AC power and provide the
AC power to the power grid during times when the power may
be sold to an entity operating the power grid at a second price
that 1s higher than the first price. Additional aspects of the
disclosure are described in the illustrative embodiments
below.

[0020] Referring to FIG. 1, an energy system 10 according
to one embodiment 1s illustrated. System 10 includes a power
orid 12, an energy device 14, and control circuitry 24. Other
embodiments of system 10 are possible including more, less,
and/or alternative components. In one embodiment, energy
device 14 includes energy storage device 16.

[0021] Power gnd 12 may provide AC power to a geo-
graphical area via a plurality of electrical generating facili-
ties, transmission lines, and other infrastructure. In some
embodiments, power grid 12 may be operated by an electric
utility company. The power provided by power grid 12 may
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have a particular frequency (e.g., 60 Hz). The particular fre-
quency may change over time 1n some embodiments.

[0022] Energy device 14 may operate in one of a plurality
of different modes. In an energy storage mode, energy device
14 may draw power from power grid 12 via connection 18 (or
in some embodiments draw the power from a power source
other than power grid 12) and convert the power into energy
suitable for storage in energy storage device 16. In an energy
release mode, energy device 14 may convert some or all of the
energy stored in energy storage device 16 1into power suitable
to be transierred to power grid 12 and then transier the con-
verted power to power grid 12 via connection 18.

[0023] Storing energy in energy device 14 and later using
the energy to generate power suitable to be transierred to
power grid 12 may be economically attractive because in
some cases the power transferred to power grid 12 by energy
device 14 while 1n the energy release mode may be more
valuable to the utility company operating power grid 12 than
the power that energy device 14 draws from power grid 12
while 1n the energy storage mode.

[0024] An AC power grid (such as power grid 12) may
provide varying amounts of power to consumers during a
twenty-four hour period 1n one embodiment. The amount of
power provided may be greatest during a first portion of the
twenty-four hour period. This first portion may be during
typical working hours when usage of building lighting,
HVAC systems, computers, manufacturing equipment, and
the like 1s greatest. In contrast, power consumption during a
second portion of the twenty-four hour period may be signifi-
cantly lower than the consumption during the first portion.
The second portion may be during night hours when most
people are sleeping.

[0025] TTypically, power grids have power generating
capacity that meets the needs of the first portion of the twenty-
four hour period. However, having such power generating
capacity may be inefficient since much ofthe capacity may go
unused during the second portion of the twenty-four hour
period. Consequently, some power grid operators offer two
different rates for electricity 1n an attempt to shift power
consumption from the first portion of the twenty-four hour
period to the second portion. For example, during the first
portion, a {irst rate may be charged for electricity and during,
the second portion, a cheaper second rate may be charged for
clectricity. Such a rate structure may encourage consumers of
clectricity to shift their consumption to the second portion
where possible to reduce the amount of money paid for elec-
tricity.

[0026] In one embodiment, energy device 14 may be con-
figured 1n the energy storage mode at night when power 1s
sold at the second rate and may be configured 1n the energy
release mode during the day when power generated by energy
device 14 may be sold back to the operator of power grid 12
at the more expensive first rate. Although the operator of
power grid 12 may lose money in this transaction, the trans-
action may still be beneficial to the grid operator since energy
device 14 may provide power to power grid 12 during periods
of peak usage when the grid operator most needs additional
power.

[0027] Without the power provided by energy device 14,
the grid operator may need to start a more expensive or
low-etliciency generating facility or buy power from another
utility to meet peak power demand during the day. Addition-
ally or alternatively, the grid operator may need to build
additional power generating facilities (e.g., natural gas or
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oil-fired electrical plants) to meet peak demand. Being able to
receive power Irom energy device 14 may be more efficient
and cost effective than these traditional approaches to meet-
ing peak power demand.

[0028] The above description has assumed that an entity
other than the operator of power grid 12 may benefit from
energy device 14. Alternatively, in one embodiment, the
operator of power grid 12 may own and operate one or more
energy devices 14 to provide additional power during periods
of peak demand.

[0029] In one embodiment, control circuitry 24 may con-
trol the operation of energy device 14. For example, control
circuitry 24 may configure energy device 14 1n the energy
release mode during a {first portion of a twenty-four hour
period (e.g., during the day) and 1n the energy storage mode
during a second portion of a twenty-four hour period (e.g., at
night). In one embodiment, control circuitry 24 may deter-
mine when demand for power 1s nearing the capacity of power
orid 12 and in response configure energy device 14 in the
energy release mode to provide additional power to power

orid 12.

[0030] Control circuitry 24 may comprise circuitry config-
ured to implement desired programming provided by appro-
priate media in at least one embodiment. For example, control
circuitry 24 may be implemented as one or more of a proces-
sor and/or other structure configured to execute executable
instructions including, for example, software, and/or firm-
ware 1nstructions, and/or hardware circuitry. Example
embodiments of control circuitry 24 include hardware logic,
PGA, FPGA, ASIC, state machines, and/or other structures
alone or 1n combination with a processor. These examples of
control circuitry 24 are for 1llustration; other configurations
are possible.

[0031] Inoneembodiment, control circuitry 24 may be part
of energy device 14. Alternatively, control circuitry 24 may be
located remotely from energy device 14. In one embodiment,
one portion of control circuitry 24 may be part of energy
device 14 and another portion of control circuitry 24 may be
remotely located from energy device 14.

[0032] In one embodiment, connection 18 may be a single-
phase connection whereby energy device 14 may transier
and/or recerve single-phase AC power to/from power grid 12.
In another embodiment, connection 18 may be a multi-phase
connection (e.g., three-phase connection) whereby energy
device 14 may transier and/or recerve multi-phase AC power
to/from power grid 12.

[0033] Energy device 14 may convert some or all of the
energy stored by energy storage device 16 into a format
suitable to be transferred to power grid 12. For example, 1n
one embodiment, energy storage device 16 may include a
plurality of batteries configured to supply direct current (DC)
power and energy device 14 may convert some or all of the
DC power from the batteries 1into single-phase AC power or
multi-phase AC power and provide the AC power to power
orid 12 via connection 18.

[0034] Furthermore, energy device 14 may increase the
amount of energy stored by energy storage device 16 by
converting energy into a format suitable for energy storage
device 16 and then providing the converted energy to energy
storage device 16 for storage. For example, 1n one embodi-
ment, energy storage device 16 may include a plurality of
batteries and energy device 14 may provide current to energy
storage device 16 to charge the plurality of batteries. Energy
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device 14 may, 1n one embodiment, consume power from
power grid 12 in charging the batteries.

[0035] Insomeembodiments, a plurality of energy devices,
such as energy device 14, may be used to provide power to
power grid 12.

[0036] Referring to FIG. 2, a system 20 of energy devices
14, according to one embodiment, 1s 1llustrated. System 20
includes power grid 12 and a plurality of energy devices 14.
Energy devices 14 are connected to power grid 12 via con-
nections 18. Other embodiments of system 20 are possible
including more, less, and/or alternative components.

[0037] System 20 also includes a communications network
22. Energy devices 14 may be connected to communications
network 22 via links 26. In one embodiment, links 26 may be
wired links (e.g., telephone lines, fiber optic lines, etc.) or
wireless links (e.g., infrared links, radio frequency links, etc.)
or a combination of wired and wireless links.

[0038] Control circuitry 24 may control energy devices 14
via communications network 22 and links 26. For example,
control circuitry 24 may configure energy devices 14 in the
energy release mode, the energy storage mode, or 1n another
mode.

[0039] In one embodiment, control circuitry 24 may have
access to data describing the state of power grid 12 such as
data describing an electrical characteristic of power grid 12.
For example, control circuitry 24 may know the frequency of
AC power provided by power grid 12. Control circuitry 24
may use the data to determine when to configure one or more
of energy devices 14 1n the energy release mode.

[0040] For example, control circuitry 24 may determine
that the frequency of power grid 12 1s decreasing because
demand for power from power grid 12 1s increasing. In
response, control circuitry 24 may configure one or more of
energy devices 14 1n the energy release mode to supply addi-
tional power to power grid 12. If the frequency of power grid
12 increases 1n response, control circuitry 24 might not con-
figure additional ones of energy devices 14 in the energy
release mode. However, 1 the frequency of power gnd 12
continues to decrease, control circuitry 24 may configure
additional ones of energy devices 14 in the energy release
mode.

[0041] Although only four energy devices 14 are depicted
in FIG. 2, 1n some embodiments, system 20 may include
thousands or millions of energy devices 14 connected to
power grid 12. This large number of energy devices may be
able to provide a substantial amount of power to power grid
12. For example, 1n some embodiments, thousands of kilo-
watts of power may be provided to power grid 12, which in
some cases may be enough to temporarily keep power grid 12
stable for a period of time if one or more of the power gener-
ating facilities (e.g., power plants) of power grid 12 fails.
[0042] Referring to FIG. 3, an energy device 14 according
to one embodiment 1s 1llustrated. Energy device 14 includes a
motor 34 having a shait 40, a generator 32 having a shait 38
and a stator 36, and energy storage device 16. In some
embodiments, energy device 14 also includes energy adapter
46. Other embodiments are also possible including more,
less, and/or alternative components.

[0043] Shait 40 may be coupled to shait 38 via a coupling
42 so that when shatt 40 1s rotated, shaft 38 also rotates and
conversely when shaft 38 1s rotated, shaft 40 1s also rotated. In
one embodiment, coupling 42 may be a tlexible coupling.

[0044] Motor 34 may use energy from energy storage
device 16 to rotate shaft 40. In one embodiment, motor 34
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may use energy directly from energy storage device 16. For
example, motor 34 may be a DC motor and energy storage
device may be a battery. Alternatively, energy device 14 may
include energy adapter 46, which may convert energy from
energy storage device 16 into a form usable by motor 34. For
example, motor 34 may be an AC motor, energy storage
device 16 may include a battery, and energy adapter 46 may
be an inverter configured to convert DC current from the
battery into AC power usable by motor 34.

[0045] Other embodiments of motor 34 and energy storage
device 16 are also possible. In one embodiment, motor 34
may be a pneumatic motor and energy storage device 16 may
store compressed air or a compressed gas. In another embodi-
ment, motor 34 may be a hydraulic motor and energy storage
device 16 may store a pressurized or unpressurized liquid. In
yet another embodiment, motor 34 may be a DC electric
motor, energy storage device 16 may store hydrogen, and
energy adapter 46 may be a fuel cell that produces DC current
using the stored hydrogen. Other embodiments of motor 34
are also possible.

[0046] Motor 34 may rotate shait 40. Since shatt 40 may be
coupled to shatt 38 via coupling 42, motor 34 may rotate shaft
38 1n addition to rotating shait 40.

[0047] Generator 32 may be an induction generator and
may be a single-phase induction generator or a multi-phase
(e.g., three-phase) induction generator. Accordingly, genera-
tor 32 may include shait 38, a rotor (notillustrated) coupled to
shaft 38 and a stator 36. Stator 36 may be adjacent to shaft 38
and, 1n one embodiment, may at least partially surround shaft
38 and the rotor. When an alternating current excitation volt-
age 1s applied to stator 36, stator 36 may induce currents in the
rotor. The currents may cause magnetic fields 1n the rotor that
interact with magnetic fields present 1n stator 36 to rotate shatt
38. In some embodiments, current 1s not directly supplied to
the rotor. Instead, the excitation voltage applied to the stator
induces current in the rotor. In one embodiment, the generator
may be referred to as asynchronous.

[0048] Stator 36 may be electrically connected to power
or1d 12 so that power grid 12 supplies an excitation voltage to
stator 36. The excitation voltage may be an AC voltage.

[0049] In one embodiment, the motor and generator may
share a single shaft. The motor may rotate the shait when
supplied with energy, for example by rotating a first rotor
attached to the single shaft and associated with the motor. The
generator may generate power when a second rotor (associ-
ated with the generator) attached to the single shait and
located adjacent to the stator of the generator 1s rotated by the
motor and may transfer the generated power to the power
orid. In one embodiment, the motor, the generator, and the
single shaft may be within a single housing.

[0050] Generator 32 may have an associated synchronous
speed related to the frequency of the excitation voltage pro-
vided by power grid 12 and the number of poles 1n stator 36.
In one embodiment, stator 36 has two poles and the synchro-
nous speed 1n revolutions per minute 1s the frequency of the
excitation voltage multiplied by sixty. For example, i the
frequency of the excitation voltage 1s 60 Hz, the synchronous
speed 1s 3600 rpm. In some embodiments, the frequency of
the excitation voltage supplied by power grid 12 may change
over time. Accordingly, the synchronous speed of generator
32 may correspondingly change over time as the frequency of
the excitation voltage changes.

[0051] In one configuration, energy from energy storage
device 16 may be prevented from reaching motor 34, for
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example, because a switch or valve 1s turned off. In this
configuration, motor 34 does not rotate shaft 40. However, 1n
this configuration, power grid 12 may supply an excitation
voltage to stator 36 and generator 32 may operate as a motor
that turns shaft 38. Since shait 38 1s coupled to shait 40,
generator 32 may rotate shait 40 as well as shaft 38. Thus,
shaft 40 may rotate even though motor 34 1s not operational
(1.e., not consuming energy from energy storage device 16).
[0052] Generator 32 may rotate shafts 38 and 40 at a rota-
tional speed that 1s less than the synchronous speed of gen-
crator 32. The difference between the rotational speed and the
synchronous speed may be referred to as the slip of generator
32. In this configuration, generator 32 might not provide any
power to power grid 12. Instead, generator 32 may consume
power provided by power grid 12.

[0053] In the energy release mode, energy from energy
storage device 16 1s allowed to reach motor 34 (either directly
or via energy adapter 46). In this configuration, motor 34
rotates shaft 40 and therefore rotates shaft 38 as well. Motor
34 may be configured to rotate shaift 40 as a constant rota-
tional speed. For example, motor 34 may be a DC motor and
energy device 14 may include a pulse width modulator con-
figured to provide DC power to motor 34 at a constant average
rate from energy storage device 16 until energy storage device
16 1s no longer able to provide DC power at the constant
average rate. Since motor 34 receives DC power at the con-
stant average rate from the pulse width modulator, motor 34
may rotate shaft 40 at a constant rotational speed.

[0054] Similarly, motor 34 may be an AC motor and energy
device 14 may include a vaniable frequency drive configured
to provide AC power to motor 34 at a constant average Ire-
quency from energy storage device 16 until energy storage
device 16 1s no longer able to provide AC power at the con-
stant average frequency.

[0055] The constant rotational speed may be higher than
the synchronous speed of generator 32. In this case, when
stator 36 1s electrically connected to power grid 12 and 1s
receiving an excitation voltage from power grid 12, generator
32 may supply AC power to power grid 12 via stator 36. The
amount of power supplied to power grid 12 may depend on
the difference between the constant rotational speed and the
synchronous speed.

[0056] Thepower may result from the rotor of generator 32
inducing current into stator 36, which provides the induced
current to power grid 12. However, 1n one embodiment, the
power may be generated only 1f power grid 12 1s electrically
connected to stator 36 and 1s supplying an AC excitation
voltage to stator 36. Accordingly, 11 power grid 12 1s electri-
cally disconnected from stator 36, generator 32 might not
generate any current or voltage in either the rotor or stator 36.

[0057] Since the amount of power supplied to power grid
12 may depend on the difference between the rotational speed
of shaft 38 and the synchronous speed of generator 32, and the
synchronous speed of generator 32 may change 11 the fre-
quency of the excitation voltage supplied by power grid 12
changes, the amount of power supplied to power grid 12 may
change 1 the frequency of the excitation voltage changes.
This change 1n power may help to stabilize power grid 12.

[0058] Forexample, the frequency of the excitation voltage
supplied by power grid 12 may decrease due to additional
demand placed on power grid 12. If the frequency decreases,
the synchronous speed of generator 32 will also decrease.
Since the rotational speed of shaft 38 (due to motor 34)
remains constant, the difference between the rotational speed
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of shaft 38 and the synchronous speed will increase due to the
decrease 1n frequency of the excitation voltage. Conse-
quently, the amount of power that generator 32 provides to
power grid 12 will increase. The increase 1n power may help
meet the increased demand causing the decrease in frequency
of the grid voltage which will 1n turn contribute to increasing
the frequency of the grid voltage toward the nominal fre-
quency of power grid 12 (e.g., 60 Hz) thereby stabilizing
power grid 12.

[0059] Conversely, the frequency of the excitation voltage
supplied by power grid 12 may increase due to decreased
demand (or increased supply of power) placed on power grid
12. If the frequency increases, the synchronous speed of
generator 32 will also increase. Since the rotational speed of
shaft 38 (due to motor 34) remains constant, the difference
between the rotational speed of shaft 38 and the synchronous
speed will decrease due to the increase in frequency of the
excitation voltage. Consequently, the amount of power that
generator 32 provides to power grid 12 will decrease. The
decrease 1n power may contribute to decreasing the frequency
of the gnd voltage toward the nominal frequency of power
orid 12 thereby stabilizing power grid 12.

[0060] Referringto FIG. 3A, an energy device 14A accord-
ing to one embodiment 1s illustrated. As 1s 1llustrated 1n FIG.
3A, 1n one embodiment, energy device 14A includes the
clements of energy device 14 described above. In addition,
energy device 14A includes control circuitry 24 and may
optionally include switches 70, 72, and 74. Other embodi-
ments are also possible including more, less, and/or alterna-
tive components.

[0061] Switch 70 may selectively allow energy to be trans-
terred from energy adapter 46 to motor 34. Switch 72 may
selectively allow energy to be transferred from energy storage
device 16 to either energy adapter 46 or to motor 34. Switch
74 may selectively electrically connect motor 32 and/or stator
36 to power grid 12. In one embodiment, switches 70, 72, and
74 may be referred to as contactors.

[0062] The portion of control circuitry 24 of energy device
14A may be 1n communication with another portion of con-
trol circuitry 24 via communication network 22. Control cir-
cuitry 24 may control the states of switches 70, 72, and 74 by
individually opening or closing switches 70, 72, and 74. For
example, when energy device 14A 1s 1n the energy release
mode, control circuitry 24 may close switches 70 and 72 so
that energy may flow from energy storage device 16 through
energy adapter 46 to motor 34. Accordingly, by controlling
switches 70 and 72, control circuitry 24 may selectively cause
motor 34 to rotate shaft 40 and/or shaft 38. Furthermore,
control circuitry 24 may close switch 74 so that an excitation
voltage from power grid 12 may be electrically connected to
stator 36. In one embodiment, control circuitry 24 may also
control energy adapter 46, for example, by enabling energy
adapter 46 to convert energy from energy storage device 16 or
by preventing energy adapter 46 from converting energy from
energy storage device 16.

[0063] In one embodiment, control circuitry 24 may con-
figure energy device 14 A 1n the energy release mode during a
particular time (e.g., at night). In another embodiment, con-
trol circuitry 24 may detect that a frequency of power grid 12
1s below a threshold and in response may configure energy
device 14A 1n the energy release mode. In another embodi-
ment, control circuitry 24 may detect that a frequency of
power grid 12 1s above a threshold and 1n response may
configure energy device 14 A so that energy device 14A 1s not
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in the energy release mode. In yet another embodiment, con-
trol circuitry 24 may configure energy device 14A 1n the
energy release mode 1n response to receiving a request from
an operator of energy device 14A.

[0064] Referring to FIG. 3B, an energy device 14B accord-
ing to one embodiment 1s illustrated. As 1s 1llustrated 1n FIG.
3B, 1n one embodiment, energy device 14B includes the ele-
ments of energy device 14A described above. In addition,
energy device 14B includes and energy conversion device 52.
Other embodiments are also possible including more, less,
and/or alternative components.

[0065] Energy conversion device 52 may convert energy
into a form suitable for storage 1n energy storage device 16. In
one embodiment, energy conversion device 52 may convert
energy derived from power grid 12 into a form suitable for
storage by energy storage device 16. For example, energy
conversion device 52 may convert rotational energy of shaft
38 and/or shait 40 into a form suitable for storage by energy
storage device 16. In one embodiment, energy storage device
16 may include one or more batteries and energy conversion
device 52 may convert the rotational energy of shaft 38 and/or
shaft 40 into direct current supplied to the one or more bat-
teries. In this example, energy storage device 16 may also
include a battery charger that controls the amount of direct
current supplied to the one or more batteries.

[0066] Inoneembodiment, energy device 14B may be con-
figured (e.g., by control circuitry 24) 1n the energy storage
mode. In the energy storage mode, switches 70 and/or 72 may
prevent energy from energy storage device 16 from reaching,
motor 34. Accordingly, motor 34 might notrotate shait 40 and
may be referred to as being disabled. Switch 74 may allow
stator 36 to be electrically connected to power grid 12. As a
result, power grid 12 may supply stator 36 with an AC exci-
tation voltage which may cause shaft 38 (and therefore shaft
40)to rotate. The rotational energy of shafts 38 and/or 40 may
be converted to a form suitable for storage by energy storage
device 16 as 1s described above. In the energy storage mode,
energy device 14B may consume power from power grid 12.

[0067] Since, in one embodiment, generator 32 may rotate
shaft 38 and thereby rotate shaft 40 during moments 1n time
when motor 34 1s disabled, generator 32 may need to over-
come a rotational friction associated with shaft 40 to rotate
shaft 40. In one embodiment, motor 34 may include a clutch
associated with shaft 40. If the clutch 1s engaged, motor 34
may rotate shatt 40 but i1 the clutch 1s disengaged, motor 34
might not be coupled to shaft 40 and may be unable to rotate
shaft 40. When energy device 14B is 1n the energy storage
mode, control circuitry 24 may disengage the clutch so that
the rotational friction associated with shaft 40 1s less when the
clutch 1s disengaged than when the clutch 1s engaged. Disen-
gaging the clutch may allow energy device 14B to more
cificiently convert energy from power grid 12 into energy
stored 1n energy storage device 16.

[0068] In one embodiment, control circuitry 24 may pre-
vent energy conversion device 52 from converting rotational
energy of shaft 38 and/or shaft 40 into energy suitable for
storage 1n energy storage device 16 while energy device 14B
1s configured 1n the energy release mode so that energy stored
in energy storage device 16 1s not used to store additional
energy 1n energy storage device 16. For example, 1mn one
embodiment, energy conversion device 52 may be an alter-
nator. While 1n the energy release mode, control circuitry 24
may prevent a field from being applied to the alternator so that
the alternator does not generate DC current.
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[0069] Other embodiments of energy conversion device 52
are also possible. For example, energy conversion device 52
may be a compressor configured to convert rotational energy
of shaits 38 and/or 40 1nto a compressed gas stored 1n energy
storage device 16. In another embodiment, energy conversion
device 52 may use power supplied by power grid 12 to create
hydrogen fuel, which may be stored in energy storage device
16 and later used by energy adapter 46 to create DC current
consumed by motor 34.

[0070] In yet another embodiment, energy conversion
device 52 may include a battery charger that may draw AC
power from power grid 12, convert the AC power from power
orid 12 mto a DC current, and charge batteries of energy
storage device 16 using the DC current. In some configura-
tions, control circuitry 24 may be configured to enable and/or
disable the battery charger.

[0071] Other embodiments of energy conversion device 52
may convert energy that 1s not derived from power grid 12
(e.g., naturally occurring energy) into a form suitable for
storage 1n energy storage device 52. For example, energy
conversion device 52 may convert solar power 56 and/or wind
power 38 mto a DC current, which may be used to charge one
or more batteries of energy storage device 16.

[0072] In one embodiment, motor 34 may be a DC motor
having a rotor with one or more magnets. The DC motor may
be configured by control circuitry 24 to provide DC current
when shafts 38 and 40 are being rotated by generator 32.
Control circuitry 24 may control the amount of DC current
provided by the DC motor by adjusting the amount of field
current supplied to the DC motor. Accordingly, the DC motor
may be used to produce a DC current that may be used to
charge one or more batteries of energy storage device 16.

[0073] In one embodiment, control circuitry 24 may deter-
mine an amount of energy stored in energy storage device 16.
For example, 11 energy storage device 16 includes a battery,
control circuitry 24 may determine a voltage level of the
battery. Control circuitry 24 may use the amount of energy
stored to determine when to configure energy device 14B 1n
the energy storage mode. For example, 1f the amount of
energy stored in energy storage device 16 falls below a thresh-
old, control circuitry 24 may configure energy device 14B 1n
the energy storage mode. As a result, additional energy may
be stored 1n energy storage device 16.

[0074] Control circuitry 24 may additionally or alterna-
tively configure energy device 14B 1n the energy release
mode based on the amount of energy stored.

[0075] Inoneembodiment, energy device 14B may be con-
figured to {ill energy storage device 16 in a first amount of
time and to consume the energy stored in energy storage
device 16 1n a second amount of time. The first amount of time
may be less than the second amount of time. For example, 1T
energy storage device 16 includes a battery, energy device
14B may be configured to charge the battery 1n a first amount
of time and to discharge the battery (by powering motor 34 1n
the energy release mode) 1n a second amount of time. In some
embodiments, the first amount of time may be less than half of
the second amount of time.

[0076] Referring to FIG. 3C, an energy device 14C accord-

ing to one embodiment 1s illustrated. As 1s 1llustrated 1n FIG.
3C, energy device 14C includes motor 34, shait 40, coupling
42, shatt 38, stator 36, generator 32, control circuitry 24, and
switches 70, 72, and 74 described above. In the embodiment
of FIG. 3C, motor 34 may be an AC induction motor. In
addition, energy device 14C includes a battery 16 A, an alter-
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nator 52 A configured to convertrotational energy of shaits 38
and/or 40 mto DC current used to charge battery 16A, a
switch 66, and an inverter 46 A. Other embodiments are also
possible including more, less, and/or alternative components.

[0077] Inverter 46 A may convert DC current supplied by
battery 16 A into AC power supplied to AC induction motor
34. In one embodiment, the AC power produced by inverter
46 A may have a frequency higher than the frequency of the
AC power supplied by power grid 12. For example, the AC
power supplied by power grid 12 may have a frequency of 60
Hz and the AC power supplied by inverter 46 A may have a
frequency of 65 Hz.

[0078] Since motor 34 1s supplied with the AC power pro-
vided by 1nverter 46 A (which has a frequency higher than the
frequency of the AC power supplied by power grid 12), motor
34 may have a higher synchronous speed than the synchro-
nous speed of generator 32. Accordingly, motor 34 may rotate
shafts 40 and 38 at a rotational speed higher than the synchro-
nous speed of generator 32 which, as was described above,
may generate power that may be provided to power grid 12
via stator 36.

[0079] Switch 66 may be used to allow or prevent a field
current from being supplied to alternator 52A from battery
16 A. Allowing the field current may enable alternator S2A to
produce DC current from rotational energy of shatts 40 and/or
38, for example, when energy device 14C 1s in the energy
storage mode. Preventing the field current may prevent alter-
nator 52 A from producing DC current from rotational energy
of shaits 40 and/or 38, for example, when energy device 14C
1s 1n the energy release mode. Furthermore, preventing the
field current may reduce a rotational friction associated with
shafts 40 and/or 38 as compared to when the field current 1s
allowed. Reducing the rotational friction may increase the
elficiency with which energy device 14C may provide power
to power grid 12.

[0080] Retferring to FIG. 4, one embodiment of a battery
system 112 1s shown coupled with an electric power grid 110.
Although only one battery system 112 1s shown in the
embodiment of FIG. 4, numerous additional battery systems
112 may be coupled with electric power grid 110 in other
embodiments. In one embodiment, electric power grid 110 1s
arranged to provide electrical energy to battery system 112 to
charge one (or more 1f present) rechargeable batteries 116 of
the battery system 112. In some embodiments described
below, the rechargeable battery or batteries 116 may be uti-
lized to power an electrical vehicle (e.g., plug-in hybrid elec-
tric vehicle (PHEV), electric vehicle (EV), electric powered
watercraft, electric powered aircratt, electric powered utility
vehicles, electric powered trains, etc.). Rechargeable batter-
ies 116 may be used in other apparatus and/or 1n different
applications 1n other embodiments.

[0081] In one embodiment, electric power grid 110 com-
prises any appropriate electrical energy delivery system con-
figured to deliver residential, commercial, industrial, or other
clectrical energy from a supply to customers or consumers.
Electric power grid 110 1s arranged to provide electrical
energy for consumption by battery system 112, for example,
for operation and for recharging rechargeable batteries 116.
Electric power grid 110 may be arranged as one or more
source (e.g., generator or other construction) configured to
supply electrical energy. Generators may be individually
taken on-line (e.g., on grid) or off-line (e.g., off grid), or the
output thereol may be adjusted, according to the usage of the
clectrical energy. Electric power grid 110 includes a distribu-
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tion grid which may comprise a plurality of switching sta-
tions, transformers, and transmaission lines arranged to trans-
mit electrical energy from sources to loads, such as the battery
systems 112. The transmission lines may transmit the elec-
trical energy using high-voltage lines spanning vast distances
(e.g., hundreds or thousands of miles) between distant geo-
graphic locations 1n some arrangements.

[0082] As mentioned above, battery system 112 includes

one or more rechargeable batteries 116 1n the described
embodiment. Rechargeable battery 116 may have different
configurations in different implementations (e.g., lead acid,
nickel metal hydride, lithtum 1on 1n some examples). During
use, the state of charge of rechargeable battery 116 decreases,
and electrical energy from electric power grid 110 1s config-
ured to supply electrical energy for recharging of the
rechargeable battery 116 to an increased state of charge.

[0083] In addition, battery system 112 also includes a bat-
tery charging apparatus 114 in one embodiment. In the
depicted embodiment, battery charging apparatus 114 1is
coupled between electric power grid 110 and rechargeable
battery 116. Battery charging apparatus 114 1s configured to

implement charging operations of rechargeable battery 116
using the electrical energy from the electric power grid 110 in

one embodiment.

[0084] Inthe depicted embodiment, battery charging appa-
ratus 114 includes a charger 118 and a controller 120. Charger
118 1s configured to receive electrical energy from electric
power grid 110 and to provide the electrical energy to
rechargeable battery 116 to charge rechargeable battery 116.
In doing so, charger 118 may, 1n one embodiment, alter a form
ol the electrical energy recerved from electric power grid 110
and provide the altered electrical energy to rechargeable bat-
tery 116. For example, charger 118 may alter the voltage of
the electrical energy and/or may alter the electrical energy to
be DC electrical energy rather than AC electrical energy.

[0085] FIG. 4 also depicts energy device 108 coupled to
clectric power grid 110. Energy device 108 may be config-
ured to store energy (e.g., electrical energy) and to transter the
stored energy to electric power grid 110. In some embodi-
ments, transierring the stored energy to electric power grid
110 may include converting a format of the stored energy. For
example, transierring electrical energy stored 1n a battery of
energy device 108 may include converting the stored electri-
cal energy from a DC format to an AC format suitable for use
by electric power grid 110. The battery of energy device 108
may be physically distinct from rechargeable battery 116.
Indeed, all of energy device 108 may be physically distinct
from rechargeable battery 116 and charger 118 1n one
embodiment.

[0086] In another example, the energy device may store
energy 1n the form of a pressurized fluid and transferring the
stored energy may include generating AC electrical energy
using the pressurized fluid and feeding the AC electrical
energy 1nto electric power grid 110.

[0087] In one embodiment, energy device 108 may be one
of the embodiments of the energy device described above 1n
relationto FIGS.1,2,3,3A, 3B, and 3C such as energy device
14. Other energy devices may alternatively be used. For
example, energy device 108 may include one or more
rechargeable batteries and an 1nverter configured to convert
DC electrical energy stored by the rechargeable batteries into
AC electrical power having a frequency and phase suitable for
use by electric power grid 110.
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[0088] In some cases, energy stored by energy device 108
may be drawn from electric power grid 110. For example, i
energy device 108 stores electrical energy in batteries (which
may be physically distinct from rechargeable battery 116),
clectrical energy from electric power grid 110 may be used to
charge the batteries of energy device 108.

[0089] Energy device 108 may be physically distinct from
all or portions of controller 120 and may be physically distinct
from charger 118 and/or rechargeable battery 116. In one
embodiment, energy device 108 may be located miles away
from charger 118 and rechargeable battery 116 and energy
device 108 may be connected to a different transformer of
clectric power grid 110 that 1s physically distinct and
remotely located from the transformer of electric power grid
110 to which charger 118 1s connected.

[0090] Controller 120 may automatically and without user
intervention control charger 118 by selectively enabling
charger 118 to consume energy from electric power grid 110
to charge rechargeable battery 116. For example, controller
120 may enable charger 118 to charge rechargeable battery
116 at one moment 1n time and may prevent charger 118 from
charging rechargeable battery 116 at another moment 1n time.
Further, controller 120, 1n one embodiment, may control a
rate at which charger 118 charges rechargeable battery 116.

[0091] Controller 120 may additionally or alternatively,
automatically and without user intervention, control energy
device 108 by enabling energy device 108 to transier energy
stored by energy device 108 to electric power grid 110 at one
moment 1n time and/or by enabling energy device 108 to
consume energy from electric power grid 110 and to store at
least some of the consumed energy at another moment 1n
time. Further, controller 120, in one embodiment, may con-
trol a rate at which energy device 108 transfers the stored
energy to electric power grid 110 and/or may control a rate at
which energy device 108 stores energy.

[0092] In one embodiment, controller 120 may coordinate
the “use” of some or all of the energy stored by energy device
108 to charge rechargeable battery 116 by transferring some
or all of the energy stored by energy device 108 to electric
power grid 110 while charger 118 1s consuming energy from
clectric power grid 110 to charge rechargeable battery 116. Of
course, since energy device 108 and charger 118 may be
physically separated by a great distance (e.g., hundreds of
teet, miles, etc.) and/or may be connected to electric power
orid 110 by different transformers, the particular energy
transierred by energy device 108 to electric power grid 110
might not be directly consumed by charger 118. However,
since energy device 108 may provide energy to electric power
orid 110 while charger 118 1s drawing energy from electric
power grid 110 to charge rechargeable battery 116, charger
118 may be considered to be “using” some or all of the energy
stored by energy device 108 even though energy device 108
and charger 118 may be physically separated by a great dis-
tance (e.g., hundreds of feet, miles, etc.).

[0093] In some cases, energy device 108 may provide the
same amount of energy to electric power grid 110 that charger
118 draws from electric power grid 110 1n charging recharge-
able battery 116 so that the net transaction 1s zero with respect
to electric power grid 110. In other words, charging recharge-
able battery 116, in this case, does not deplete capacity of
clectric power grid 110 since the amount of electrical energy
consumed from electric power grid 110 1s replaced with elec-
trical energy transierred to electric power grid 110 by energy

device 108.
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[0094] In other cases, controller 120 may control energy
device 108 to provide an amount of energy to electric power
orid 110 that has a value to an operator of electric power grid
110 (e.g., autility company) that 1s equivalent to a value of an
amount of electrical energy that charger 118 draws from
clectric power grid 110 in charging rechargeable battery 116.
In doing so, controller 120 may access rate mnformation for
the energy transierred from energy device 108 to electric
power grid 110 to determine the value of the transferred
energy and rate information for the energy consumed by
charger 118 to determine the value of the energy consumed by
charger 118.

[0095] For example, 1f charger 118 1s connected to electric
power grid 110 1 an urban area where demand for energy
from electric power grid 110 1s relatively high and energy
device 108 1s located 1n a suburb distant from the urban area
where demand for energy from electric power grid 110 1s
relatively low, the operator may value the energy stored by
energy device 108 less than 11 energy device 108 was located
in the urban area or another area where demand for energy
from electric power grid 110 1s relatively high.

[0096] In one embodiment, a transier period during which
energy device 108 transiers power to electric power grid 110
may fully or partially overlap a charging period during which
charger 118 draws electrical energy from electric power grid
110. For example, 1f the charging period occurs 1n the after-
noon when aggregate load on electric power grid 110 1s close
to or exceeds the capacity of electric power grid 110, the
transfer period may advantageously overlap the charging
period so that energy device 108 increases the capacity of
clectric power grid 110 while charger 118 1s consuming
energy from electric power grid 110.

[0097] In other embodiments, the transfer period may
occur after the charging period. Delaying the transfer period
may be advantageous to an operator of electric power grid 110
since the operator might not have control over when the
charging period occurs. For example, in some cases, the
charging period may occur when the aggregate load on elec-
tric power grid 110 1s well below the capacity of electric
power grid 110. In this example, the operator might not want
the transier period to occur during the charging period since
clectric power grid 110 may have plenty of capacity during
the charging period.

[0098] Instead, the transier period may be delayed until a
time when the aggregate load on electric power grid 110 1s
close to or exceeds the capacity of electric power grid 110.
Initiating the transfer period at this time may advantageously
increase the capacity of electric power grid 110 at a time when
extra capacity 1s needed.

[0099] In other embodiments, the transfer period may
occur prior to the charging period. For example, in some cases
the charging period may be scheduled to take place in the
evening and the operator may 1nitiate the transier period prior
to the scheduled charging period to advantageously increase
the capacity of electric power grid 110 at a time when extra
capacity 1s needed. In this example, prior to mitiating the
transier period, the operator may be aware of a time or win-
dow of time during which the charging period 1s scheduled to
take place.

[0100] Referring to FIG. 5, one embodiment of controller
120 1s shown. The 1llustrated example controller 120 includes
processing circuitry 122, storage circuitry 124, an external
interface 126, and a user intertace 128 in the depicted embodi-
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ment. Controller 120 may include more, less, and/or alterna-
tive components in other embodiments.

[0101] In one embodiment, processing circuitry 122 1is
arranged to process data, control data access and storage,
1ssue commands, and control other desired operations. For
example, processing circuitry 122 1s configured to receive
information regarding charging of an electric vehicle with
energy from electric power grid 110 1 one embodiment.
Processing circuitry 122 may utilize the accessed information
to control a transier of energy stored by energy device 108
and/or to control charging of an electric vehicle 1n one
embodiment.

[0102] Processing circuitry 122 may comprise circuitry
configured to implement desired programming provided by
appropriate media 1n at least one embodiment. For example,
processing circuitry 122 may be implemented as one or more
of processor(s) and/or other structure configured to execute
executable mnstructions including, for example, software and/
or firmware structions, and/or hardware circuitry. Exem-
plary embodiments of processing circuitry 122 include hard-
ware logic, PGA, FPGA, ASIC, state machines, and/or other
structures alone or 1n combination with a processor. These
examples of processing circuitry 122 are for i1llustration, other
configurations are possible.

[0103] Storage circuitry 124 1s configured to store pro-
gramming such as executable code or instructions (e.g., soit-
ware and/or firmware), electronic data, databases, or other
digital information and may include processor-usable media.
For example, processing circuitry 122 may control storage

circuitry 124 to store imnformation regarding charging of an
electric vehicle.

[0104] Processor-usable media may be embodied in any
computer program product(s) or article of manufacture(s) 235
which can contain, store, or maintain programming, data
and/or digital information for use by, or in connection with, an
instruction execution system including processing circuitry
in the exemplary embodiment. For example, exemplary pro-
cessor-usable media may include any one of physical media
such as electronic, magnetic, optical, electromagnetic, inira-
red, or semiconductor media. Some more specific examples
ol processor-usable media include, but are not limited to, a
portable magnetic computer diskette, such as a floppy dis-
kette, zip disk, hard drive, random access memory, read only
memory, flash memory, cache memory, and/or other configu-

rations capable of storing programmaing, data, or other digital
information.

[0105] At least some embodiments or aspects described
herein may be implemented using programming stored
within appropriate storage circuitry 124 described above and/
or communicated via a network or other transmission media
and configured to control appropriate processing circuitry.
For example, programming may be provided via appropriate
media including, for example, embodied within articles of
manufacture. In another example, programming may be
embodied within a data signal (e.g., modulated carrier wave,
data packets, digital representations, etc.) communicated via
an appropriate transmission medium, such as a communica-
tion network (e.g., the Internet and/or a private network),
wired electrical connection, optical connection and/or elec-
tromagnetic energy, for example, via a communications inter-
face, or provided using other appropriate communication
structure. Exemplary programming including processor-us-
able code may be communicated as a data signal embodied 1n
a carrier wave 1n but one example.
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[0106] External interface 126 1s arranged to implement
external communications and/or data acquisition of control-
ler 120. For example, controller 120 may be coupled with
charger 118 and may receive information regarding charging
of an electric vehicle via external interface 126 in one
embodiment. External interface 126 may be implemented as
a network interface card (NIC), serial or parallel connection,
USB port, FireWire interface, flash memory interface, tloppy
disk drive, or any other suitable arrangement.

[0107] User mnterface 128 1s configured to interact with a
user including conveying data to a user (e.g., displaying data
for observation by the user, audibly communicating data to a
user, etc.) as well as recetving mputs from the user (e.g.,
tactile put, voice instruction, etc.). Accordingly, in one
exemplary embodiment, user interface 128 may include a
display (e.g., cathode ray tube, LCD, etc.) configured to
depict visual mnformation and an audio system as well as a
keyboard, mouse and/or other mput device. Any other suit-
able apparatus for interacting with a user may also be utilized.
[0108] Referring to FIG. 6, one embodiment of charging
operations of battery system 112 (illustrated in FIG. 4) 1s
described with respect to a load 1n the form of an electrical
vehicle 134 which includes one or more rechargeable batter-
1ies 116. Vehicle 134 may be at least partially powered by an
clectric motor (not 1llustrated). The electric motor may con-
sume electrical energy stored by rechargeable battery 116 to,
at least in part, provide motive power to propel vehicle 134.

[0109] The arrangement of battery system 112 in FIG. 6 1s
illustrative for explanation of some aspects of the disclosure;
other arrangements are also possible. For example, battery
charging apparatus 114 of battery system 112 may be
installed at home, work, or any other location where 1t 1s
desirable to implement charging of rechargeable battery 116
and electrical energy from electric power grid 110 1s available
for consumption. Although FIG. 6 depicts rechargeable bat-
teries 116 in electrical vehicle 134, rechargeable batteries 116
charged by battery charging apparatus 114 may be utilized 1n
different applications other than electrical vehicles 134.

[0110] Furthermore, one or more components of the battery
system 112 may be implemented differently 1in other embodi-
ments. For example, battery charging apparatus 114 may be
located onboard vehicle 134 1n some implementations. In
other arrangements, charger 118 may be located onboard
vehicle 134 and controller 120 may be located offboard
vehicle 134. In addition, rechargeable batteries 116 may be
removable from vehicle 134 (or the housing of other loads)
and coupled with charger 118, which 1s not located on the
vehicle 1n some embodiments.

[0111] As was described above, controller 120 may be
onboard vehicle 134 1n one embodiment. If controller 120 1s
onboard, vehicle 134 may be connected to electrical power
distribution 110 via a simple electrical cable and might not
require any circuitry between vehicle 134 and electrical
power distribution 110 other than the cable. In some embodi-
ments, controller 120 may communicate with charger 118
using wired and/or wireless connections.

[0112] In another embodiment, controller 120 may be ofi-
board vehicle 134 and charger 118 may be onboard vehicle
134. In this configuration, controller 120 may communicate
with charger 118 using one or more wired and/or wireless
connections.

[0113] Inoneembodiment, controller 120 may control and/
or coordinate the charging of rechargeable battery 116 and the
transier of energy from energy device 108 to electric power
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orid 110. In doing so, controller 120 may access information
regarding charging of electric vehicle 134 with energy from
clectric power grid 110. For example, charger 118 may notily
controller 120 when charger 118 begins charging electric
vehicle 134. Similarly, charger 118 may notily controller 120
when charger 118 completes the charging of electric vehicle
134. Controller 120 may access other information describing
charging parameters of electric vehicle 134 such as the
present charging state of charge for electric vehicle 134
(charging, not charging, etc.), the capacity of rechargeable
battery 116, the present level of charge of electric vehicle 134

(50%, 73%, 1ull, etc.), and other information. In one embodi-

ment, controller 120 may receitve such information from
charger 118.

[0114] Controller 120 may similarly access information
regarding energy device 108. For example, the present
amount of energy stored by energy device 108, the capacity of
energy device 108, the location of energy device 108, etc. In
one embodiment, controller 120 may receive such informa-
tion from charger 118

[0115] Controller 120 may use the information regarding
charging of electric vehicle 134 and the information regard-
ing energy device 108 to control a transfer of the energy
stored by energy device 108 to electric power grid 110. For
example, controller 120 may determine that electric vehicle
134 1s being charged and in response may initiate a transfer
period during which energy stored by energy device 108 1s
transierred to electric power grid 110 so that vehicle 134 1s
being charged during the transier period.

[0116] In this manner, the transier of the energy stored by
energy device 108 to electric power grid 110 may affect the
charging of electric vehicle 134 since the transier of the
energy may increase the capacity of electric power grid 110.
In one embodiment, substantially all of the capacity of elec-
tric power grid 110 may be 1n use prior to commencement of
the charging of electric vehicle 134 and the transier of the
energy stored by energy device 108 to electric power grid 110
may provide electric power grid 110 with enough additional
capacity to allow for the charging of electric vehicle 134.

[0117] Accordingly, the transfer of the energy stored by
device 108 may reduce etlects on electric power grid 110
resulting from the charging of electric vehicle 134 as com-
pared with a situation in which the transfer of the stored
energy does not take place because the transtfer of the stored
energy increases the capacity of electric power grid 110 and
thereby offsets the impact of the charging of electric vehicle
134 on clectric power grid 110. Although the amount of the
capacity of electric power grid 110 consumed by charging a
single electric vehicle may be relatively small, the amount of
the capacity of electric power grid 110 consumed 1n charging
hundreds or thousands of electric vehicles may be substantial.
Accordingly, offsetting the charging of hundreds or thou-
sands of electric vehicles may be significant to an operator of
clectric power grid 110 who might need build additional
power generation capability (e.g., new power plants) to
handle the charging of the electric vehicles if not for the
transier of the stored energy.

[0118] Insome situations, based on the information regard-
ing the charging and the information regarding energy device
108, controller 120 may delay imitiating the transier period to
a more desirable time when the operator desires to increase
the capacity of electric power grid 110 as was described above
in relation to FIG. 4.
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[0119] In one embodiment, an account may be associated
with electric vehicle 134 and energy device 108. In one
embodiment, the account may be an account of a customer of
an operator of electric power grid 110. When charger 118
consumes energy from electric power grid 110 to charge
clectric vehicle 134, the account may be debited based on a
value of the amount of energy consumed 1n charging electric
vehicle 134. The amount of energy consumed in charging
may be measured and the amount of the debit may be deter-
mined based on the amount of energy consumed and on a
price of the energy. In one embodiment, the amount con-
sumed may be measured by an energy provider meter located
off-board vehicle 134 to which vehicle 134 1s connected
during the charging. In some cases the energy provider meter
may be operated and/or owned by an energy provider (e.g., an
clectric power company, utility company, charging station
vendor, etc.). Controller 120 may communicate with the
energy provider meter to determine the amount of energy
consumed.

[0120] In another embodiment, the amount consumed may
be measured by a vehicle meter onboard vehicle 134. The
vehicle meter may be configured to communicate with con-
troller 120 via wired and/or wireless communications and
may be configured to communicate with other devices via
wired and/or wireless communications. For example, the
vehicle meter may communicate with an operator of electric
power grid 110 (e.g., via a wireless communications network
such as a cellular network or an automatic meter reading
network) so that the operator may access mnformation stored
by the vehicle meter (e.g., amount of usage, time of usage,
account 1dentifier, etc.). In some cases, the vehicle meter and
the energy provider meter may both measure the amount
consumed.

[0121] Measurements made by the vehicle meter may be
usetul to the operator of electric power grid 110 1n obtaining,
credits under a carbon credit program and/or a cap and trade
program. Since, in some embodiments, the vehicle meter may
measure consumption of electric energy used exclusively for
transportation, the operator may obtain credits based on the
measurements made by the vehicle meter. In contrast, mea-
surements made by an energy provider meter through which
energy consumed in charging electric vehicle 134 flows
might not be usable to obtain credits since the energy provider
meter might not be able to distinguish energy consumed
through the meter used to charge electric vehicle 134 and
energy consumed through the meter that 1s used for other

purposes.
[0122] As noted herein, prices for consumed energy may

vary based on the time of day during which the energy 1s
consumed and the location 1n which the energy 1s consumed.
Accordingly, the debit may be based on a time of day when
the charging of electric vehicle 134 takes place and/or a
location 1mn which the charging of electric vehicle 134 takes
place (e.g., alocation of a connection between electric vehicle
134 and electric power grid 110).

[0123] When energy device 108 transiers stored energy to
clectric power grid 110, the account may be credited based on
a value of the amount of energy transierred to electric power
or1d 110. The amount of energy consumed in charging may be
measured and the amount of the credit may be determined
based on the amount and on a price at which the operator of
clectric power grid 110 buys the transferred energy. In one
embodiment, the amount transferred may be measured by an
energy provider meter to which energy device 108 1s con-
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nected. In some cases the energy provider meter may be
operated and/or owned by an energy provider (e.g., an electric
power company, utility company, charging station vendor,
etc.). Controller 120 may communicate with the energy pro-
vider meter to determine the amount of energy transierred.

[0124] In another embodiment, energy device 108 may
comprise a meter that measures the amount transferred. The
meter of energy device 108 may be configured to communi-
cate with controller 120 via wired and/or wireless communi-
cations and may be configured to communicate with other
devices via wired and/or wireless communications. For
example, the meter of energy device 108 may communicate
with an operator of electric power grid 110 (e.g., via a wire-
less communications network such as a cellular network or an
automatic meter reading network) so that the operator may
access information stored by the vehicle meter (e.g., amount
ol energy transferred, time of transfer, account identifier,
etc.). In some cases, the meter of energy device 108 and the
energy provider meter associated with energy device 108 may
both measure the transierred amount.

[0125] Like the measurements made by the vehicle meter,
measurements made by the meter of energy device 108 may
also be useful to the operator of electric power grid 110 1n
obtaining credits under a carbon credit program and/or a cap
and trade program.

[0126] As noted herein, prices for energy transierred into
clectric power grid 110 may vary based on the time of day
during which the energy 1s transierred to electric power grnid
110 and the location in which the energy 1s transferred.
Accordingly, the credit may be based on a time of day when
the energy device 108 transfers stored energy to electric
power grid 110 and/or a location 1n which the transier takes
place (e.g., alocation of a connection between energy device
108 and electric power grid 110).

[0127] In some embodiments, as was described above, the
energy stored by energy device 108 may be supplied by
clectric power grid 110. Accordingly, the account may be
debited based on the value of the energy transierred from
clectric power grid 110 to energy device 108. In some cases,
the value of the energy transierred from electric power grid
110 to energy device 108 may be less than the value of the
energy transierred from energy device 108 to electric power
orid 110. For example, energy may be transferred to energy
device 108 at a time when electric rates are lower than the
rates when the stored energy 1s transferred from energy device
108 to electric power grid 110.

[0128] At some point in time subsequent to energy device
108 transferring the stored energy to electric power grid 110
and charger 118 charging electric vehicle 134, the debits and
credits associated with the account may be netted, for
example, by controller 120. In one embodiment, the netting
may include determining a balance of the account based on
the debits and credits described above. For example, a
monthly bill including debits and credits associated with a
plurality of energy transfers and electric vehicle charging
operations may be netted to determine a balance of the
account.

[0129] In one embodiment controller 120 may control
charger 118 so that a value of an amount of energy consumed
by charger 118 1n charging electric vehicle 134 1s less than or
equal to a value of the amount of energy transierred to electric

power grid 110 by energy device 108. Doing so may be
advantageous as 1t may prevent an operator of electric vehicle
134 from incurring a debit to the account as a result of the
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charging that 1s greater than the credit to the account resulting
from the transier of energy by energy device 108.

[0130] As was mentioned above, the value of energy at the
location of the charging may be different than the value of the
energy at the location of the energy device 108. Accordingly,
the debit of the account may be based on the location of
clectric vehicle 134, charger 118, and/or rechargeable battery
118 and the credit of the account may be based on the location
of energy device 108.

[0131] Furthermore, as was mentioned above, the price
charged by an operator of electric power grid 110 for energy
consumed from electric power grid 110 (e.g., by charger 118)
and/or the price paid by an operator of electric power grid 110
for energy transierred to electric power grid 110 (e.g., by
energy device 108) may vary according to the time of day.
Accordingly, the debit of the account may be based on a time
at which the charging of electric vehicle 134 takes place and
the credit of the account may be based on a time at which the
discharge of stored energy from energy device 108 to electric
power grid 110 takes place.

[0132] In one embodiment, controller 120 may determine
an amount of energy stored by energy device 108 (e.g., by
communicating with energy device 108) and controller 120
may control charger 118 based on the amount of energy
stored by energy device 108. For example, controller 120 may
enable charger 118 to consume an amount of energy equal to
or less than the amount of energy stored by energy device 108
or may enable charger 118 to consume an amount of energy
equal to or less than the amount of energy transferred to
clectric power grid 110 by energy device 108. In doing so,
controller 120 may momitor the amount of energy consumed
via the energy provider meter and/or the vehicle meter
described above.

[0133] In one embodiment, the amount of energy trans-
terred to electric power grid 110 by energy device 108 may be
measured by a meter of energy device 108 and/or an energy
provider meter (described above) through which the trans-
ferred energy tlows and controller 120 may determine the
amount of energy transferred to electric power grid 110 by
communicating with the electric power meter (e.g., via a
communications network such as an automatic meter reading
network or cellular network).

[0134] In another example, controller 120 may estimate an
amount of energy that will be transferred to electric power
orid 110 based on the amount of energy stored by energy
device 108. The estimate may account for losses incurred 1n
transterring the stored energy to electric power grid 110. The
estimate may be based on actual or predicted efficiency of the
transier of the stored energy to electric power grid 110. For
example, controller 120 may estimate that the transfer 1s 85%
cificient and may therefore estimate that 85% of the energy
stored by energy device 108 may be actually transferred nto
clectric power grid 110.

[0135] In some cases, controller 120 may determine (e.g.,
by communicating with charger 118), that electric vehicle
134 1s not fully charged even though charger 118 has con-
sumed an amount of energy equal to the amount of energy
stored by energy device 108 or the amount of energy trans-
ferred to electric power grid 110 by energy device 108.

[0136] Inthesecases, controller 120 may notify a user (e.g.,
a person who 1nitiates charging electric vehicle 134) via user
interface 128 and may prompt the user decide whether to
terminate charging electric vehicle 134 because the amount of
energy stored by energy device 108 has been consumed or to
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continue charging vehicle 134 knowing that an account asso-
ciated with the user or with electric vehicle 134 may be
debited based on an additional amount of energy consumed
from electric power grid 110 beyond the amount of energy
stored by energy device 108.

[0137] In one embodiment, controller 120 may prompt the
user (e.g., via user interface 128) for an 1dentifier associated
with the account (e.g., an account number) prior to controller

120 enabling charger 118 to consume energy {from electric
power grid 110. Controller 120 may further authenticate the
identifier, for example, by requesting a password associated
with the identifier. Controller 120 may additionally or alter-
natively prompt the user for an i1dentifier associated with
energy device 108 in some embodiments and may authent-
cate the identifier associated with energy device 108. In
another embodiment, controller 120 may be programmed
with the account 1dentifier and might not need to request the
account i1dentifier.

[0138] Note that although controller 120 may determine at
a moment 1n time that charger 118 has consumed an amount
of energy equal to the amount of energy stored by energy
device 108 (e.g., by communicating with charger 118 and/or
the vehicle meter and/or the energy provider meter), the
actual energy stored by energy device 108 may or may not
have been transferred to electric power grid 110 at the
moment 1n time since the transfer may happen atfter the charg-
ing 1s complete, as was discussed above.

[0139] Further, controller 120 may alternatively enable
charger 118 to consume an amount of energy having a value
less than or equal to the value of the amount of energy stored
by energy device 108 and may use the method described
above to notily the user when charger 118 has consumed an
amount of energy having a value equal to the value of the
amount of energy stored by energy device 108. This may be
advantageous in configurations where a price ol energy con-
sumed by charger 118 is different than a price of energy
transierred to electric power grid 110 by energy device 108.

[0140] Controller 120 may be embodied 1n many different
ways. In one embodiment, energy device 108 may be a small
residential device located 1n a home garage that 1s controlled
by an operator of electric power grid 110 rather than by a
resident of the home and charger 118 may be located away
from the home, for example, 1n a charging station of a parking
garage ol an office building.

[0141] In this embodiment, controller 120 may be embod-
ied as one or more computers associated with the operator of
clectric power grid 110 and controller 120 may communicate
with charger 118 and with energy device 108 as was described
above. In one embodiment, controller 120 may communicate
with charger 118 and with energy device 108 via a wired or
wireless network.

[0142] In some configurations, charger 118 may be
onboard electric vehicle 134. In one embodiment, a first por-
tion of controller 120 may be onboard electric vehicle 134 and
may communicate with charger 118. The {irst portion may be
integrated with other electronics onboard electric vehicle 134
in some configurations. For example, controller 120 may
communicate with a navigation system of vehicle 134 and/or
user interface 128 may comprise a display of vehicle 134 that
may be shared with the navigation system. A second portion
of controller 120 may be embodied as one or more computers
associated with the operator of electric power grid 110. The
second portion may perform the netting described above. A
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third portion of controller 120 may be onboard energy device
108. The first, second, and third portions may be 1n commu-
nication with each other.

[0143] In another embodiment, a first portion of controller
120 may be onboard electric vehicle 134 and may communi-
cate with charger 118 and a second portion of controller 120
may be embodied as one or more computers associated with
the operator of electric power grid 110.

[0144] In another embodiment, a first portion of controller
120 may be onboard electric vehicle 134 and may communi-
cate with charger 118 and a second portion of controller 120
may be onboard energy device 108.

[0145] As was mentioned above, 1n some embodiments,
charger 118 may be connected to a first transformer of electric
power grid 110 that i1s physically distinct and remotely
located from a second transformer of electric power grid 110
to which energy device 108 1s connected. In fact, the first
transiformer may be owned and/or operated by a first electric
power company and the second transformer may be owned
and/or operated by a second electric power company that 1s
different from the first electric power company. In this case,
clectric power grid 110 may include equipment (e.g., trans-
formers, power generators, transmission lines, etc.) owned
and/or operated by more than one company. This situation
may arise, for example, 1f an owner of electric vehicle 134
travels away from home (where energy device 108 1s located)
to a distant city and charges electric vehicle 134 while 1n the
distant city.

[0146] For example, electric power grid 110 may comprise
two distinct electric power grids, a first electric power grid
owned and/or operated by the first electric power company
that services a first geographical area and a second electric
power grid owned and/or operated by the second electric
power company that services a second geographical area. The
two distinct electric power grids that make up electric power
orid 110 may be interconnected to each other by one or more
transmission lines and/or may be interconnected to each other
via a third distinct electric power grid (which 1s part of electric
power grid 110) owned and/or operated by a third electric
power company. The mterconnection may allow the first elec-
tric power grid to send power to and/or receive power from the
second electric power grid.

[0147] An account associated with energy device 108 and
charger 118 may be associated with the second electric power
company. In this case, determiming a balance for the account
may include the second electric power company receiving
debit information regarding energy consumed by charger 118
via the first transformer from the first electric power company
since the energy consumed was provided by the first electric
power grid. The information may include an identifier of the
account, the day and time the consumption took place, an
amount of the consumption, a rate for the energy consumed,
and/or a total amount of a debit for the consumption. The
second electric power company may compensate the first
clectric power company for the consumption of the second
energy.

[0148] In one embodiment, an operator of charger 118
(e.g., a driver of an electric vehicle comprising charger 118)
might not be charged for consumption of power from the first
clectric power grid at the time of the consumption. Instead,
the operator may provide the first electric power company
with an identifier of the account, or other information related
to the account. The first electric power company may then use
the identifier or other account information to debit the second
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clectric power company for the consumption rather than bill-
ing the operator of charger 118 directly. In this manner, the
relationship between the first electric power company and the
second electric power company may be similar to the rela-
tionship between wireless telephone network operators who
allow subscribers to roam onto their networks. According to
this relationship, the wireless telephone network operators
compensate each other for services provided to roaming sub-
scribers. In this relationship, subscribers are billed by their
home wireless telephone network operator rather than being,
billed for roaming directly by the wireless telephone network
operator on whose network they roamed.

[0149] A similar relationships may be established between
the first electric power company and the second electric
power company so that when customers associated with the
second electric power company “roam” onto the first electric
power grid by consuming energy provided by the first electric
power grid, the second electric power company may compen-
sate the first electric power company for the consumption.

[0150] This relationship may be especially advantageous
when large numbers of customers of the first electric power
company consume power from the second electric power grid
(referred to hereafter as second electric power grid roaming
consumption) and large numbers of customers of the second
clectric power company consume power from the first electric
power grid (referred to hereafter as first electric power grid
roaming consumption).

[0151] A settlement system comprising processing cir-
cuitry, storage circuitry, an external interface, and a user
interface similar to the circuitry and interfaces described
above 1n relation to FIG. 5 may keep track of roaming con-
sumption over a period. For example, during a day, the settle-
ment system may determine a total amount of both first elec-
tric power grid roaming consumption and second electric
power grid roaming consumption. At the end of the day, the
settlement system may determine a difference between the
two roaming consumption amounts. If the first electric power
orid roaming consumption 1s greater than the second electric
power grid roaming consumption, the second electric power
company may compensate the first electric power company
for the difference. The compensation may be coordinated or
performed by the settlement system. Although a day was used
as an example period above, other periods (a minute, hour,
week, month, etc.) may alternatively be used.

[0152] In one embodiment, compensating may ivolve the
second electric power company providing payment to the first
clectric power company. In another embodiment, compensat-
ing may mvolve the second electric power company transier-
ring power to the first electric power grid via an interconnec-
tion between the first electric power grid and the second
clectric power grid. In this embodiment, the transier may take
place during a time when the first electric power grid needs
extra capacity. In one embodiment, energy stored by energy
devices may be transferred to the second electric power grid
during the transier of power from the second electric power
orid to the first electric power grid. In one embodiment, the
settlement system may 1nitiate the transfer of stored energy to

the second electric power grid by communicating with con-
troller 120.

[0153] In one embodiment the first and second electric
power grid roaming consumptions may be based not only on
an amount of energy consumed but also on the value of the
energy consumed. As was discussed above, the time during
which the energy was consumed and/or the location in which
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the energy was consumed may influence the value of the
consumption. The settlement system may access information
regarding consumption on the first and second electric power
orids (e.g., time, location, and amount of the consumption) to
determine values of the consumption.

[0154] In one embodiment, a settlement relationship simi-
lar to the relationship described above between the first elec-
tric power company and the second electric power company
may be established between the second electric power com-
pany and a fourth electric power company. The fourth electric
power company might not own or operate its own electric
power grid. Instead, power consumed by customers of the
fourth electric power company may be provided by the sec-
ond electric power grid and the fourth electric power com-
pany may service all or a subset of the geographical area
serviced by the second electric power company.

[0155] In one embodiment, electric vehicle 134 may com-
prise the vehicle meter described above and may comprise a
portion of controller 120. Electric vehicle 134 may be asso-
ciated with a primary energy provider, which may be the
energy provider that supplies energy to charge electric vehicle
134 when the vehicle 1s 1n 1ts home location. Of course,
clectric vehicle 134 may travel outside of the geographical
area serviced by the primary energy provider and while out-
side of the geographical area may need to be recharged.
Electric vehicle 134 may be connected to an electric power
orid operated by a secondary energy provider and may
recharge by consuming energy from the electric power grid of
the secondary energy provider. In this situation, electric
vehicle 134 may be described as “roaming’” onto the second-
ary energy provider’s electric power grid.

[0156] The vehicle meter may advantageously measure
energy consumed from the secondary energy provider in
charging electric vehicle 134. Controller 120 may communi-
cate consumption nformation regarding the amount of
energy consumed from the secondary energy provider to the
secondary energy provider and/or the primary energy pro-
vider (e.g., via the settlement system). The consumption
information may include the amount of the consumption
(e.g., as measured by the vehicle meter), the location 1n which
the energy was consumed, the time period during which the
consumption took place, and the make and model of electric
vehicle 134. In some configurations, controller 120 may
determine the location of the consumption directly or by
communicating with a global positioning system receiver,
cellular telephone network, vehicle navigation system, or
other device capable of determining a location (e.g., a latitude
and longitude).

[0157] In addition, controller 120 may communicate
account related information to the secondary energy provider
and/or the primary energy provider such as an account 1den-
tifier associated with electric vehicle 134 and/or with an
operator of electric vehicle 134, an 1dentifier associated with

the primary energy provider, and an 1dentifier of electric
vehicle 134 (e.g., a VIN number).

[0158] The secondary energy provider (e.g., via the settle-
ment system) may use the consumption information and/or
the account related information to seek compensation from
the primary energy provider for the energy the secondary
energy provider provided to charge electric vehicle 134. The
secondary energy provider may be compensated using one or
more of the methods described above. The secondary energy
provider (e.g., via the settlement system) may also use the
consumption information to identily an energy provider
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meter through which the energy used to recharge electric
vehicle 134 was consumed. The energy provider meter may
be owned and/or operated by the secondary energy provider.
[0159] The secondary energy provider (e.g., via the settle-
ment system) may identify the energy provider meter by
comparing the time of the consumption, the location of the
consumption, and/or the amount of the consumption to infor-
mation collected from energy provider meters located near
the location of the consumption.

[0160] Insome cases, the identification may be straightior-
ward since there might be only one energy provider meter
located near the consumption location. In other cases, there
may be several energy provider meters near the consumption
location and the secondary energy provider may need to
gather time-based usage information from the energy pro-
vider meters near the location and determine which of the
energy provider meters dispensed an amount of energy equal
to the amount consumed by the charging during the time
period during which electric vehicle 134 was being charged.
[0161] Upon identitying the energy provider meter used to
charge electric vehicle 134, the secondary energy provider
(e.g., via the settlement system) may credit an account asso-
ciated with the identified meter (which may be different from
the account associated with electric vehicle 134) since the
secondary energy provider may recover compensation for the
consumed energy from the primary energy provider or from
the operator of electric vehicle 134.

[0162] In another embodiment, the secondary energy pro-
vider (e.g., via the settlement system) might not rely on mea-
surements made by a vehicle meter to seek compensation.
Instead, the secondary energy provider may use measure-
ments made by an energy provider meter to seek compensa-
tion.

[0163] Although the above discussion has been directed
towards consuming energy from electric power grid 110 to
charge a rechargeable battery or charge an electric vehicle,
the methods, systems, and apparatuses described above can
be applied to controlling the flow of energy from electric
power grid 110 to a load that consumes the energy and trans-
ferring energy stored by energy device 108 to electric power
orid 110 to oflset the energy consumed by the load. For
example, controller 120 may control energy device 108 to
discharge stored energy to electric power grid 110 when an air
conditioner (one example of a load) 1s consuming energy
from electric power grid 110 and may control a switch or
regulator configured to enable or disable energy from flowing,
from electric power grid 110 to the load. In this example,
energy device 108 need not be physically located near the air
conditioner.

[0164] In compliance with the statute, the invention has
been described 1n language more or less specific as to struc-
tural and methodical features. It 1s to be understood, however,
that the invention 1s not limited to the specific features shown
and described, since the means herein disclosed comprise
preferred forms of putting the invention into effect. The
invention 1s, therefore, claimed 1n any of its forms or modi-
fications within the proper scope of the appended claims
approprately iterpreted 1n accordance with the doctrine of
equivalents.

The invention claimed 1s:
1. An electric vehicle charging method comprising:

receiving information regarding charging of an electric
vehicle with energy from an electric power grid;
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determining an amount of energy stored by an energy
device coupled to the electric power grid; and

controlling a transier of the energy stored by the energy
device to the electric power grid using the information
regarding the charging of the electric vehicle.
2. The method of claim 1 wherein the receiving of the
information comprises receiving information regarding tim-
ing of the charging of the electric vehicle and wherein the
controlling of the transfer comprises controlling timing of the
transfer using the information regarding the timing of the
charging.
3. The method of claim 1 further comprising controlling,
the charging of the electric vehicle so that an amount of the
energy consumed by the charging 1s less than or equal to the
amount of the energy stored by the energy device.
4. The method of claim 1 wherein the controlling of the
transier comprises controlling the transfer to atfect the charg-
ing of the electric vehicle.
5. The method of claim 1 wherein the controlling of the
transier comprises controlling the transfer to reduce effects
on the electric power grid resulting from the charging of the
clectric vehicle compared with not controlling the transfer of
the energy stored by the energy device using the information
regarding the charging of the electric vehicle.
6. The method of claim 1 further comprising controlling
the charging of the electric vehicle based on the amount of the
energy stored by the energy device.
7. The method of claim 6 wherein the controlling of the
charging of the electric vehicle comprises controlling the
charging so that an amount of the energy from the electric
power grid consumed by the charging of the electric vehicle1s
less than or equal to the amount of the energy stored by the
energy device.
8. The method of claim 1 further comprising controlling
the charging of the electric vehicle based on an amount of the
energy transierred from the energy device to the electric
power grid.
9. The method of claim 8 wherein the controlling of the
charging of the electric vehicle comprises controlling the
charging so that an amount of the energy from the electric
power grid consumed by the charging of the electric vehicle1s
less than or equal to the amount of the energy transferred from
the energy device to the electric power grid.
10. A battery charging method comprising:
storing first energy from an electric power grid using an
energy device coupled to the electric power grid, the
energy device being associated with an account;

consuming second energy from the electric power grid to
charge a rechargeable battery associated with the
account, the rechargeable battery being physically dis-
tinct from the energy device;

discharging the first energy stored by the energy device to

the electric power grid; and

determining a balance of the account based on the consum-

ing of the second energy and the discharging of the first
energy.

11. The method of claim 10 wherein the determining of the
balance comprises crediting the account based on an amount
of the first energy stored by the energy device, debiting the
account based on an amount of the second energy consumed
to charge the rechargeable battery, and netting the account
based on the crediting and the debiting.

12. The method of claim 10 wherein the determining of the
balance comprises crediting the account based on an amount
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energy transierred to the electric power grid as a result of the
discharging, debiting the account based on an amount of the
second energy consumed to charge the rechargeable battery,
and netting the account based on the crediting and the debat-
ng.

13. The method of claim 12 wherein the crediting com-
prises crediting based on a location of the energy device.

14. The method of claim 12 wherein the debiting comprises
debiting based on a location of the rechargeable battery dur-
ing the consuming.

15. The method of claim 12 wherein the crediting com-
prises crediting based on a time of day during which the
discharging of the first energy takes place.

16. The method of claim 12 wherein the debiting comprises
debiting based on a time of day during which the consuming
of the second energy takes place.

17. The method of claim 10 further comprising coupling an
clectric vehicle comprising the rechargeable battery to the
clectric power grid prior to the consuming of the second
energy.

18. The method of claim 10 wherein during the consuming
of the second energy, the rechargeable battery 1s coupled to
the electric power grid via a first transformer and the energy
device 1s coupled to the electric power grid via a second
transformer physically distinct from the first transformer and
remotely located from the first transformer.

19. The method of claim 18 wherein the first transformer 1s
operated by a first electric power company, the second trans-
former 1s operated by a second electric power company dii-
terent from the first electric power company, the account is
associated with the second electric power company, the deter-
mimng of the balance of the account comprises the second
clectric power company recerving debit information regard-
ing the charging of the rechargeable battery from the first
clectric power company, and the method further comprises
the second electric power company compensating the first
clectric power company for the consumption of the second
energy.

20. The method of claim 10 further comprising controlling
the discharging of the first energy based on the consuming of
the second energy so that the consuming of the second energy
and the discharging of the first energy occur simultaneously.

21. The method of claim 10 further comprising controlling
the discharging of the first energy so that the discharging of
the first energy occurs subsequent to the consuming of the
second energy.

22. The method of claim 10 further comprising controlling
the discharging of the first energy so that the discharging of
the first energy occurs prior to the consuming of the second
energy.
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23. An electric vehicle charging system comprising:
an electric power grid;
an electric vehicle coupled to the electric power grid;
an energy device coupled to the electric power grid; and
processing circuitry configured to:
receive miformation regarding charging of the electric
vehicle with energy from the electric power grid;
determine an amount of energy stored by the energy
device; and
control a transier of the stored energy to the electric
power grid using the information regarding the charg-
ing of the electric vehicle.
24. The system of claim 23 wherein the electric vehicle
comprises at least a portion of the processing circuitry.
25. The system of claim 23 wherein the energy device
comprises at least a portion of the processing circuitry.
26. An energy device control apparatus comprising:
processing circuitry configured to:
access first information regarding first energy stored by
an energy device coupled to an electric power grid, the
energy device being associated with an account;
access second information regarding charging of an
clectric vehicle with second energy from the electric
power grid, the electric vehicle being associated with
the account;:
control the energy device to transfer the stored first
energy to the electric power grid based on the first
information; and
determine a balance of the account based on the second
information and the transier of the stored first energy

to the electric power grid.

277. The apparatus of claim 26 wherein the accessing of the
second mformation comprises receving iformation regard-
ing timing of the charging of the electric vehicle and wherein
the controlling of the transter comprises controlling timing of
the transfer using the information regarding the timing of the
charging.

28. The apparatus of claim 26 wherein the controlling of
the transier comprises controlling the transfer to affect the
charging of the electric vehicle.

29. An electric vehicle comprising:

a rechargeable battery;

a charger; and

processing circuitry configured to:

access information regarding an amount of {irst energy
stored by an energy device coupled to an electric
power grid; and

control a transfer of second energy from the electric
power grid to the rechargeable battery via the charger
using the information regarding the amount of the first
stored energy.
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